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Interesting anomalies…   
 

Ø  LHCb의 LFV와  FNAL의 g-2 결과 모두 뮤온과 b-quark과 
관련하여 진공에서 새로운 상호작용을 가능성을 제시 

Ø  새로운 방법으로 g-2를 측정하는 것이 중요: JPARC g-2 

Ø  LHC에서 새로운 방식으로 탐색을 모색    

B k and B q.—Two fast transients induced by the dynam-
ics of charging the ESQ system and firing the SR kicker
magnet slightly influence the actual average field seen by
the beam compared to its NMR-measured value as
described above and in Ref. [61]. An eddy current induced
locally in the vacuum chamber structures by the kicker
system produces a transient magnetic field in the storage
volume. A Faraday magnetometer installed between the
kicker plates measured the rotation of polarized light in a
terbium-gallium-garnet crystal from the transient field to
determine the correction B k.

The second transient arises from charging the ESQs,
where the Lorentz forces induce mechanical vibrations in
the plates that generate magnetic perturbations. The ampli-
tudes and sign of the perturbations vary over the two
sequences of eight distinct fills that occur in each 1.4 s
accelerator supercycle. Customized NMR probes measured
these transient fields at several positions within one ESQ
and at the center of each of the other ESQs to determine
the average field throughout the quadrupole volumes.
Weighting the temporal behavior of the transient fields
by the muon decay rate, and correcting for the azimuthal
fractions of the ring coverage, 8.5% and 43% respectively,
each transient provides final corrections B k and B q to aμ as
listed in Table II.

V. COMPUTING aμ AND CONCLUSIONS

Table I lists the individual measurements of ωa and ω̃0
p,

inclusive of all correction terms in Eq. (4), for the four run
groups, as well as their ratios, R0

μ (the latter multiplied by
1000). The measurements are largely uncorrelated because
the run-group uncertainties are dominated by the statistical
uncertainty on ωa. However, most systematic uncertainties
for both ωa and ω̃0

p measurements, and hence for the ratios
R0

μ, are fully correlated across run groups. The net computed
uncertainties (and corrections) are listed in Table II. The fit
of the four run-group results has a χ2=n:d:f: ¼ 6.8=3,
corresponding to Pðχ2Þ ¼ 7.8%; we consider the Pðχ2Þ to
be a plausible statistical outcome and not indicative of
incorrectly estimated uncertainties. The weighted-average
value isR0

μ ¼ 0.003 707 300 3ð16Þð6Þ, where the first error
is statistical and the second is systematic [82]. From Eq. (2),
we arrive at a determination of the muon anomaly

aμðFNALÞ ¼ 116 592 040ð54Þ × 10−11 ð0.46 ppmÞ;

where the statistical, systematic, and fundamental constant
uncertainties that are listed in Table II are combined in
quadrature. Our result differs from the SMvalue by 3.3σ and
agrees with the BNL E821 result. The combined exper-
imental (Exp) average [83] is

aμðExpÞ ¼ 116 592 061ð41Þ × 10−11 ð0.35 ppmÞ:

The difference, aμðExpÞ − aμðSMÞ ¼ ð251 $ 59Þ × 10−11,
has a significance of 4.2σ. These results are displayed
in Fig. 4.
In summary, the findings here confirm the BNL exper-

imental result and the corresponding experimental average
increases the significance of the discrepancy between the
measured and SM predicted aμ to 4.2σ. This result will
further motivate the development of SM extensions,
including those having new couplings to leptons.
Following the Run-1 measurements, improvements to

the temperature in the experimental hall have led to greater

TABLE II. Values and uncertainties of the R0
μ correction terms

in Eq. (4), and uncertainties due to the constants in Eq. (2) for aμ.
Positive Ci increase aμ and positive B i decrease aμ.

Quantity
Correction
terms (ppb)

Uncertainty
(ppb)

ωm
a (statistical) % % % 434

ωm
a (systematic) % % % 56

Ce 489 53
Cp 180 13
Cml −11 5
Cpa −158 75

fcalibhωpðx; y;ϕÞ ×Mðx; y;ϕÞi % % % 56
B k −27 37
B q −17 92

μ0pð34.7°Þ=μe % % % 10
mμ=me % % % 22
ge=2 % % % 0

Total systematic % % % 157
Total fundamental factors % % % 25
Totals 544 462

FIG. 4. From top to bottom: experimental values of aμ from
BNL E821, this measurement, and the combined average. The
inner tick marks indicate the statistical contribution to the total
uncertainties. The Muon g − 2 Theory Initiative recommended
value [13] for the standard model is also shown.
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LHCb: Lepton Flavor Violation  (LFV) FNAL g-2 



Anomalous�dimuon�production�

Ø  Non-isolated dimuon inside b-jets 
•  Searches	for	new	physics	have	been	performed	by	isolated	

dimuons	or	long-lived	muons	
•  Muons	inside	jets	(“non-isolated”)	are	mostly	from	QCD	bkgds,	

thus	they	have	been	ignored	
•  Exotic	dimuon	production	(from	psedu-scalar	particle)	highly	

coupled	with	heavy	b-quark	can	occur	



Anomalous�dimuon�production�

Ø  Search for anomalous dimuon production inside b-jet	

		

Ø  Single b-jet + dilepton: LFV, forward-backward asymmetry 

 Z/Z’ 

Work in progress	



Dimuon events inside jets 
Ø  Trigger: dimuon trigger without isolation (Pt: 30, 11 GeV) 
Ø  Muon: Pt>32, 13 GeV, |eta|<2.4, anti-isolation: iso>0.3 
Ø  Jet: Pt>30 GeV |eta|<2.4 

Ø  One jet with two muons, del(jet, µ)<0.3 

Ø  Search Strategy 
•  Background study:  

     mainly by using light-jets 

•  Look for interesting signature  

    with ‘2016 data only,   

    and then full results with all Run II data 



OS dimuon events inside jets 
Ø OS dimuon events with b-jet veto 

•  Check the QCD backgrounds 

 

 

Ø OS dimuon distributions looks ok 
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Work in progress	



SS dimuon events inside jets 
Ø SS events (µ+µ+ vs µ-µ- ) inside b-jet 

•  Check same-signed (SS) dimuons from QCD 

•  Any hint for CP violation using asymmetry 

•  Any hint for double-charged particle? 

Ø Check the SS events with light-jet data 

Work in progress	



SS dimuon events inside jets 
Ø Any anomalous SS dimuon with b-jet?  
Ø SS events (µ+µ+ vs µ-µ- ): good agreement 

between ++ and -- events 

Ø Asymmetry beween ++ and -- are not shown 
 

Work in progress	



Dimuon (SS vs OS) 

Light-jet (data) 
with b-jet veto)	

QCD MC 
with b-jets 

Ø SS & OS: same dimuon mass distributions 

Work in progress	 Work in progress	



Dimuon mass (OS) inside b-jet 

Ø  Data are in good agreement with the SM predictions 

11	

Ø  QCD shape (OS) is extracted 
from the SS dimuon inside        
b-jet and it is parameterized. 

Ø  Normalization by the total OS/
SS events  for m(ll)>12 GeV 

Work in progress	

Work in progress	



SS dimuon charge asymmetry 

Ø SS (µ+µ+ vs µ-µ- ): same mass distribution for b-jet 
and light jets 

Ø No charge symmetry appeared 

Work in progress	

Work in progress	

Ø  Asym. = { N(µ+µ+ ) – N (µ-µ- )} /{ N(µ+µ+ ) + N (µ-µ- )} 



Dimuon with 1 non-iso muon 
Ø Single lepton trigger 
Ø Muon: Pt > 26 (iso), 20 GeV (non-iso) 



Summary 

q We have studied dimuon events inside jets 
Ø Same signed dimuon events ( ++ & -- ) are found to 

have the same invariant mass distribution  
   inside light jet or b-jets 

Ø No anomalous SS dimuon events are shown inside jets 

Ø No charge asymmetry between (++) and (--) shown 

Ø OS and SS events from QCD backgrounds are found to 
have the same invariant mass distributions 

 

q We plan to set the limit on the anomalous 
dimuon production inside b-jet 

q We plan to study various asymmetry in dimuon 
from b-jet 

 


